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(54) WRIST DEVICE FOR INDUSTRIAL ROBOTS 

(57) A wrist device for industrial robots, comprising 
first, second and third drive pipes (7 1 8, 9) concentrically 
disposed in this order from outside within a final shaft 
arm (2) of an industrial robot, a passage (45) continu- 
ously formed by the hollows of a first wrist part (3), a 
second wrist part (4) and a tool support part (5), the 
passage extending from the third drive pipe (9) to an 
end surface of the tool support part (5) and being open 
at the end surface, and a protective member (50) whose 



both ends (50 A, SOB) are sealingly fixed to the third 
drive pipe (9) and the tool support part (5) respectively 
so as to be provided between the third drive pipe (9) and 
the tool support part (5) in the passage (45), and which 
has a flexing function (62) around the fixed portions 
thereof, to permit its shape to be deformed following the 
rotation of the third drive pipe (9) and the tool support 
part (5). 
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Description 

TECHNICAL FIELD 

The present invention relates to a assembled wrist 
for use on an industrial robot and, more particularly, to a 
assembled wrist which is provided with a cylindrical 
passage to protect hoses, cables, and so on housed in 
the passage from harmful and harsh external environ- 
ment. 

BACKGROUND ART 

A conventional assembled wrist for use on an 
industrial robot is described in Japanese Patent Publi- 
cation No. 46720/1992. This kind of assembled wrist 
comprises three independent axes of rotation meeting 
each other at two points spaced from each other, a first 
housing, a second housing and a tool support member. 
These first housing, second housing and tool support 
member are rotated by mechanical components such 
as toothed wheels or bearings about the three inde- 
pendent axes of rotation. The first housing, the second 
housing and the tool support member are arranged in 
series. These members are made hollow such that a 
cylindrical passage extends through these members. 
Hoses, cables, conduits, etc. for supplying air and elec- 
tric power to a working tool are passed through this 
cylindrical passage. The working tool mounts to a 
mounting surface of the tool support member. 

The working tool mounting the tool support member 
is brought to a desired working posture by rotating the 
first housing, the second housing and the tool support 
member about the three independent axes of rotation 
independently. 

In the prior art assembled wrist for use on an indus- 
trial robot, the first housing, the second housing, and 
the tool support member are rotated independently by a 
mechanical component such as a toothed wheel or 
bearing. Small openings exist naturally between the 
toothed wheel and bearing. Therefore, lubricant is sup- 
plied to smoothen the rotation of the toothed wheel or 
bearing and also dust comes from the machine or out- 
side into the cylindrical passage through these small 
openings. As a result, the lubricant and dust adversely 
affect the hoses, cables, and conduits. 

Walls of the cylindrical passage is constituted of 
walls of the first and second housings arranged in 
series. The walls of the first and second housings rotate 
relatively each other according to changing respect to 
the posture of the wrist. On boundary of the walls of the 
first and second housings, a shearing force caused from 
the relative rotation operates on the hoses, cables, etc, 
and then the hoses, cables, etc are locally twisted. As a 
result, they will be impaired. 

The present invention has been made to solve this 
problem- It is an object of the present invention to pro- 
vide a assembled wrist which is for use on an industrial 
robot and which can guard hoses, cables, conduits, etc. 



passed through a cylindrical passage formed in the 
assembled wrist from harmful and harsh external envi- 
ronment. 

5 DISCLOSURE OF THE INVENTION 

The above object is achieved by the present inven- 
tion of a assembled wrist for use on an industrial robot 
comprising; 
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first, second, and third driver tubes coaxially 
arranged in this order from outside and disposed in 
a final -axis arm of the robot; 
a first wrist portion connected to the first driver tube 
and rotated about a first axis by a mechanical com- 
ponent so as to form a first space around the first 
axis ; 

a second wrist portion of which one end is con- 
nected to the second driver tube with gears 
equipped inside of the first wrist portion and which 
is rotated about a second axis by a mechanical 
component so as to form a second space around 
the second axis which intersects the first axis; 
a tool support portion of which one end is con- 
nected to the third driver tube with gears equipped 
inside of the first and second wrist portions and 
other end is connected to a working tool, and which 
is rotated about a third axis by a mechanical com- 
ponent so as to form a third space around the third 
axis which intersects the second axis; 
passage formed by the above first, second and third 
spaces arranged in series, which extends from the 
third driver tube in the final-axis arm to one end sur- 
face of the tool support portion; and 
a protective member of which both ends are fixed 
and sealed to the third driver tube and the tool sup- 
port potion respectively so that the protective 
member may be disposed in the passage, and 
which has flexible components at least near the 
fixed and sealed ends of which the flexible compo- 
nent deforms according to the rotations of the third 
driver tube and the tool support portion. 



The protective member is made of an elastically 
45 deformable material such as rubber or resin and has 
continuous corrugations at least near the fixed and 
sealed ends so as to be flexible. Small openings from 
the passage towards outside exist in the first wrist por- 
tion, the second wrist portion and the tool support por- 
so tion forming the passage due to a mechanical 
component such as a toothed wheel or bearing. Seal 
members are stuck on the small openings to close off 
them, so that a interior space is made between the wall 
of the passage and the outer surface of the protective 
55 member. The interior space is filled with lubricant. 

In one aspect of the present invention, the protec- 
tive member is guided by sliding members disposed 
inside the passage. 

According to the present invention of the assem- 
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bled wrist for use on an industrial robot, the hoses, 
cables, conduits, etc. for supplying air and electric 
power are laid in the protective member accommodated 
within the passage. Therefore, the lubricant for smooth- 
ing the rotation of bearings or the like and dust coming 5 
from outside of the machine never contact with the 
hoses etc. directly and the lubricant and dust would not 
affect. 

Even if the third driver tube or the like rotates, the 
protective member deforms according to the rotation. 
Therefore a shearing force, caused from the relative 
rotation on boundary of the wails of the first and second 
housings, does not affect on the hoses, cables, etc. 
Accordingly, the hoses, cables, etc. are prevented from 
being deteriorated. 

Furthermore, the seal members are stuck on the 
small openings in the first wrist portion, second wrist 
portion and tool support portion forming the passage. 
These seal members cooperate with the protective 
member to ensure that the passage is hermetically 
sealed. This makes it possible to inject lubricant into the 
interior space between the walls of the passage and the 
outer surface of the protective member. Hence, the pro- 
tective member can be deformed according to the rota- 
tion of the first wrist portion or the like while reducing the 
friction between the passage and the protective mem- 
ber. 

As a result the friction between the protective 
member and the passage decreases, thus the damage 
and deterioration are reduced. Also, it is assured that 
the lubricant supplied to the gears, bearings etc. and 
dust outside the machine do not enter the passage. The 
hoses, cables, conduits, etc. passed through the pas- 
sage can be guarded against harsh external environ- 
ment by the protective member. 

When the protective member is guided by a sliding 
member disposed in the passage, the protective mem- 
ber can be also deformed according to the rotation of 
the first wrist portion and so on while reducing the fric- 
tion between the passage and the protective member. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a cross-sectional view of a assembled wrist 
according to the present invention, the assembled 
wrist being for use on an industrial robot; 
Fig. 2(a) is an enlarged view of main portions with 
respect to a fixing structure of a protective member 
in the assembled wrist shown in Fig. 1 , and in which 
a protective member is hermetically fixed to a driver 
tube in a final-axis arm; 

Fig. 2(b) is an enlarged view of main portions with 
respect to a fixing structure of the protective mem- 
ber in the assembled wrist shown in Fig. 1, and in 
which the protective member is sealably mounted 
to a tool support portion; 

Fig. 3(a) is a cross-sectional view of the assembled 
wrist shown in Fig. 1, illustrating the operation of the 
assembled wrist; 



Figs. 3(b) and 3(c) are enlarged views of main por- 
tions of Fig. 3{a), illustrating the flexibility of the pro- 
tective member; and 

Fig. 4 is a cross-sectional view of a modification of 
the assembled wrist shown in Fig. 1. 

BEST MODE FOR CARRYING OUT THE INVENTION 

A wrist assembled according to the present inven- 
tion and mounted on an industrial robot is hereinafter 
described with reference to the accompanying draw- 
ings. Fig. 1 is a cross-sectional view of the assembled 
wrist for the industrial robot. Figs. 2(a) and 2(b) are 
enlarged views of main portions of a structure for 
mounting a protective member to the assembled wrist 
for the industrial robot. Figs. 3(a)-3(c) illustrate the oper- 
ation of the assembled wrist and the flexibility of the pro- 
tective member. Fig. 4 is a cross-sectional view of a 
modification of the above-described assembled wrist for 
the industrial robot. 

Referring to Fig. 1, a assembled wrist 1 is con- 
nected to the front end of a final-axis arm 2 of an indus- 
trial robot. This assembled wrist 1 comprises a first wrist 
portion 3, a second wrist portion 4 and a tool support 
portion 5. The first wrist portion 3 has a first axis 6 and 
a space A for accommodating gear at its end on the side 
of the final-axis arm 2. A first driver tube 7, a second 
driver tube 8 and a third driver tube 9, which constitute 
the final-axis arm 2, are coaxially arranged around the 
first axis 6 in this order from outside. 

The assembled wrist 1 can be easily connected to 
the final-axis arm 2 at the side of the first wrist portion 3 
by a structure described now. The innermost third driver 
tube 9 is connected to a bevel gear 12 with a driver pin 
10. The bevel gear 1 2 is accommodated in the space A 
and rotatably held by a bearing 1 1 . The space A accom- 
modates gears inside the first wrist portion 3. The sec- 
ond driver tube 8 Is connected to a bevel gear 15 with a 
driver pin 1 3 . The bevel gear 1 5 is accommodated in the 
space A and rotatably held by a bearing 14, The first 
driver tube 7 is connected to the first wrist portion 3 with 
a bolt 17. 

One end of the second wrist portion 4 is connected 
to the other end of the first wrist portion 3 so as to form 
a space B together with the first wrist portion 1 . The 
space B is used for accommodating a bevel gear body 
20 and a bevel gear 26. The bevel gear 26 is connected 
to the second wrist portion 4 with a bolt 27 and secured 
by a pin 28 so as to mesh with the bevel gear 15. The 
second wrist portion 4 can be rotated about a second 
axis 30 by bearings 24 and 25. The second axis 30 
meets the first axis 6 at an intersection 31 with a given 
angle. 

The bevel gear body 20 is in mesh with the bevel 
gear 12 and rotated by rotation of the third driver tube 9. 
This bevel gear body 20 consists of a pair of bevel gear 
halves 21 and 22, These bevel gear halves 21 and 22 
are coupled together with the bolts and secured by a pin 
23 and rotatably held by the bearing 24. 
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Retainers 37 and 38 are fixed to the other end of 
the second wrist portion 4 by bolts 39 so as to form a 
space C for accommodating gears. An output bevel 
gear 32 connected to the tool support portion 5 is 
accommodated in this space C. The output bevel gear 5 
32 is connected to the tool support portion 5 by bolts 33 
so as to mesh with the bevel gear half 22 of the bevel 
gear body 20, and is secured to the tool support portion 
5 by a pin 34. A bearing 34A is rotatably fitted to the 
retainer 38. 

The tool support portion 5 is rotatably held by the 
bearing 34A so as to be rotatable about the third axis 
35. This third axis 35 meets the second axis 30 at an 
intersection 36 with a given angle. This intersection 36 
is spaced a given distance from the intersection 31, 

In the present embodiment, the assembled wrist 1 
has a cylindrical passage 45. The cylindrical passage 
45 extends along the first, second and third axes 6, 30, 
35 from the final-axis arm 2 to an end surface 40 of the 
tool support portion 5 on which a working tool is to be 
mounted. And the cylindrical passage 45 is continu- 
ously formed in the first wrist portion 3, the second wrist 
portion 4 and the tool support portion 5 arranged in 
series. Hoses, cables, conduits and so on for supplying 
air and electric power used for operation of the working 
tool are accommodated in the cylindrical passage 45. 

A cylindrical member 50 forming a protective mem- 
ber is disposed inside the cylindrical passage 45 
between the tool support portion 5 and the third driver 
tube 9 in the final-axis arm 2. An inside space of the 
cylindrical passage 45 is covered with this cylindrical 
member 50. 

The structure for fixing the cylindrical member 50 in 
the cylindrical passage 45 is next described by referring 
to Figs. 2(a) and 2(b). Fig. 2(a) shows a portion at which 
the cylindrical member is fixed to the third driver tube 9. 
The third driver tube 9, whose diameter gradually 
increases toward the tool support portion 5 P comprises 
a small diameter portion 9A, an intermediate diameter 
portion 9B, and a large diameter portion 9C. The cylin- 
drical member 50 has one end portion 50A fitted in the 
small diameter portion 9A of the third driver portion 9. 
The end portion 50A engages a protruding portion 9a of 
the small diameter portion 9A, An annular groove 51 is 
formed in the inner surface of the small diameter portion 
9A of the third driver tube 9. An annular seal 52 is fitted 
in the annular groove 51 . Whereby, the outer surface 
50a of the cylindrical member 50 is resiliency in contact 
with the inner surface of the third driver tube 9. Conse- 
quently, one end portion 50A of the cylindrical member 
50 is brought into a hermetically fixed state. 

Fig. 2(b) shows the portion at which the cylindrical 
portion is fixed to the tool support portion 5. 

The tool support portion 5 is provided with a 
recessed hole 5A opening toward a surface for fixing a 
working tool, the recessed hole 5A has a bottom portion 
5a. An annular member 53 is fitted in the bottom portion 
5a, The other end portion SOB of the cylindrical member 
50 is fitted into an internal circumferential surface of the 



annular member 53. And an annular support member 
54 is inserted between the internal circumferential sur- 
face of the annular member 53 and the other end por- 
tion SOB of the cylindrical member 50. Whereby, the 
other end portion 50B of the cylindrical member 50 is 
fixed to the tool support portion 5. An annular seal 56 is 
fitted in an annular groove 55 formed by the annular 
member 53 and the annular support member 54, 

The annular groove 55 has substantially V-shaped 
cross section. As a result of the annular seal 56, the 
outer surface 50a of the cylindrical member 50 is resil- 
iency in contacted with the inner surface of the tool sup- 
port portion 5. Consequently one end portion 50B of 
the cylindrical member 50 is brought into a hermetically 
fixed state. 

The cylindrical member 50 is made from a material 
capable of being resiliently deformed such as rubber or 
resin. As shown in Figs. 2(a) and 2(b), corrugations 62 
extend between both ends 50A and 50B of the cylindri- 
cal member 50. The corrugations 62 are formed by fold- 
ing the outer surface 50a and the inner surface 50b 
radially and successively. The cylindrical member 50 
deforms according to rotary movements of the first wrist 
portion 3, the second wrist portion 4 and the tool sup- 
port portion 5 with stretching and contracting the con- 
cave portions 60 and convex portions 61 constituting 
the corrugations 62. That is, flexibility is given to the 
cylindrical member 50. 

In the present embodiment, the assembled wrist 1 
has the spaces A-C for accommodating gears formed in 
the first wrist portion 3 and in the second wrist portion 4. 
These spaces A-C are in communication with the cylin- 
drical passage 45. In order to disconnect the spaces A- 
C from the cylindrical passage 45, a plurality of annular 
seal members 70-73 are provided. In particular, the seal 
member 70 is resiliently fitted in the small opening 
between the bevel gear 12 accommodated in the space 
A and the first wrist portion 3. The seal member 71 is 
resiliently fitted in the small opening between the bevel 
gear half 21 of the bevel gear body 20 accommodated in 
the space B and the first wrist portion 3. The seal mem- 
ber 72 is resiliently fitted in the small opening between 
the bevel gear half 22 and the second wrist portion 4. 
The seal member 73 is resiliently fitted in the the small 
opening between the bevel gear 32 held in the space C 
and the second wrist portion 4. These seal members 
together form a interior space 75 between the inner sur- 
face of the cylindrical passage 45 and the outer surface 
of the cylindrical member 50. The space 75 is filled with 
lubricant 76 such as oil or grease in order to reduce the 
f rictional resistance due to contact between the cylindri- 
cal member 50 and the cylindrical passage 45. 

In the present embodiment, the assembled wrist 1 
for an industrial robot is constructed as described thus 
far. The mechanism for imparting flexibility to the cylin- 
drical member 50 of the assembled wrist 1 is next 
described by referring to Figs. 1 and 3. We assume for 
convenience of illustration that the assembled wrist 1 is 
initially in the condition shown in Fig. 1. 
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(1) When the second driver tube 8 is rotated 
through 180° in the direction indicated by the arrow 
D in Fig. 1 without rotating the first driver tube 7 and 
the third driver tube 9 in the final-axis arm 2, the 
bevel gear 15 is rotated. Then, the bevel gear 26 in s 
mesh with the bevel gear*! 5 is rotated. The second 
wrist portion 4 fixed to the bevel gear 26 is rotated 
about the second axis 30 by the bearing 24 in the 
same direction as the second drive tube 8 is 
rotated. At this time, a meshing point varies, where w 
the bevel gear 22 is in mesh with the bevel gear 32 
fixedly secured to the tool support portion 5. As a 
result, the tool support portion 5 is rotated in a 
direction opposite to the direction of rotation of the 
second wrist portion 4. Accordingly, as shown in 75 
Fig. 3(a), when the second wrist portion 4 is 
rotated, the tool support portion 5 rotates independ- 
ent of the direction of rotation of the second driver 
tube 8, i.e., in a direction opposite to the second 
driver tube 8. And then the third driver tube 9 also 20 
rotates in the same direction as a rotation of the tool 
support portion 5 because the third driver tube 9 is 
connected to the tool support portion 5 with the 
bevel gear 32, the bevel gear body 20 and so on. As 

a consequence, the assembled wrist 1 is bent 2 s 
downward without twisting the cylindrical member 
50. Hence, desired working posture is obtained. 

(2) As shown in Fig, 3(a), when the second wrist 
portion 4 and the tool support portion 5 are rotated 
respectively and then the assembled wrist 1 is bent 30 
downward, i.e., the tool support portion 5 is brought 

to the desired working posture, the cylindrical pas- 
sage 45 is similarly bent. At this time, the cylindrical 
member 50 deforms according to this state of the 
cylindrical passage 45 while the friction with the 35 
cylindrical passage 45 is reduced by the lubricant 
76 in the interior space 75. More specifically, both 
ends 50A and SOB of the cylindrical member 50 are 
sealed. As shown in Fig. 3(b), the assembled wrist 
1 has a curved portion 1 00 on the side of the space 40 
A for accommodating gears. The curved portion 
100 has an inner surface 50b and an outer surface 
50a. On the inner surface 50b, the concave portions 
60 and convex portions 61 of the corrugations 62 
are shrunk. On the outer surface 50a, the concave 45 
portions 60 and convex portions 61 of the corruga- 
tions 62 are stretched and folded. The first wrist 
portion 3 has a curved portion 101 on the side of 
the space B for accommodating gears. The curved 
portion 101 has an outer surface 50a and an inner so 
surface 50b. As shown in Fig. 3(c), on the outer sur- 
face 50a, the concave portions 60 and convex por- 
tions 61 of the corrugations 62 are shrunk, while on 
the inner surface 50b, the concave portions 60 and 
convex portions 61 of the corrugations 62 are 55 
stretched and folded. In this way, flexibility is given 
to the assembled wrist. The cylindrical member 50 
is deformed according to the bend state of the 
assembled wrist 1, 



When the third driver tube 9 is rotated through 1 80° 
in the direction indicated by the arrow D in Fig. 1 without 
rotating the first driver tube 7 and the second driver tube 
8 of the final-axis arm 2, or when the first driver tube 7 
is rotated through 180° in the direction indicated by the 
arrow D in Fig. 1 without rotating the first driver tube 7 
and the second driver tube 8 in the final-axis arm 2, the 
cylindrical member 50 can deform according varying 
posture of the assembled wrist 1, i.e., in step with the 
rotation of the driver tubes 7, 8, 9. Since these are mat- 
ters of course, it is not described here. 

In this way. in the present invention of the assem- 
bled wrist 1 for ah industrial robot, the cylindrical mem- 
ber 50 for protecting hoses, cables, conduits, etc. for 
supplying air and electric power extends along the 
whole cylindrical passage 45 between the third driver 
tube 9 in the final-axis arm 2 and the tool support por- 
tion 5. Both ends 50A and 50B of the cylindrical mem- 
ber 50 are fixed and sealed to the third driver tube 9 and 
the tool support portion 5, respectively. In addition, a 
flexibility mechanism is equipped at least around both 
ends 50A and SOB of the cylindrical member 50 in order 
to permit the assembled wrist to be deformed according 
to the rotation of the third driver tube 9 and the tool sup- 
port portion 5. 

Accordingly, when the hoses, cables, conduits, etc. 
for supplying air and electric power are laid in the cylin- 
drical member 50 disposed within the passage 45, lubri- 
cant supplied for smoothing the rotation of bearings and 
other components and dust entered from outside the 
machine are not directly in contact with the hoses and 
so on. So, the hoses and so on would not be affected 
from the lubricant etc. Furthermore, even if the third 
driver tube 9 or the like rotates, the cylindrical member 
50 deforms according to the rotation. A shearing force 
produced by relative rotation occurring at the joint 
potion of the wall forming the passage 45 does not 
directly act on the hoses etc. Hence, the hoses, cables, 
etc. are prevented from being deteriorated. 

There are the seal members 70-73 in the accom- 
modating spaces A-C for closing off the small openings 
going to the cylindrical passage 45 . These seal mem- 
bers cooperate with the cylindrical member 50 for 
ensuring that the cylindrical passage 45 is hermetically 
sealed. This makes it possible to inject the lubricant 76 
into the interior space 75 between the inner surface of 
the cylindrical passage 45 and the outer surface of the 
cylindrical member 50. Hence, the assembled wrist 
allows the cylindrical member 50 to be deformed 
according to the rotation of the first wrist portion 3 or the 
like while reducing the friction with the cylindrical pas- 
sage 45 by the injected lubricant 76. 

As a result, it is assured that the lubricant supplied 
to the gears 12, 15, 20, 21, etc. and to the bearings 11, 
14, 24, etc. and dust outside the machine do not enter 
the cylindrical passage 45 while reducing the damage 
and deterioration due to the friction between the cylin- 
drical member 50 and the cylindrical passage 45. Also, 
The hoses, cables, conduits, etc. disposed in the cylin- 
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drical passage 45 can be guarded against harsh exter- 
nal environment by the cylindrical member 50. 

In the present invention of the assembled wrist 1 for 
use on an industrial robot, the lubricant 76 is injected 
into the interior space 75 so as to diminish the friction 
between the cylindrical member 50 and the cylindrical 
passage 45 and reduce the damage and deterioration. 
It is to be noted that the present invention is not limited 
to this scheme. For example, as shown in Fig. 4, an 
annular slight-sliding motion member 80 may be 
equipped to the third driver tube 9, the bevel gear body 
20, and the bevel gear 32 so as to protrude into the inte- 
rior space 75. Whereby the friction between the cylindri- 
cal member 50 and the cylindrical passage 45 would be 
reduced and the damage and deterioration of hoses 
and so on are decreased. The cylindrical member 50 is 
fitted on to the inner surface of the annular slight-sliding 
motion member 80. A sleeve having a lubricating mem- 
ber on its inner surface, a rolling or ball bearing capable 
of rotating in the direction of sliding movement, or the 
like can be suitably used as the slight-sliding motion 
member 80. 

Since the cylindrical member 50 receives only low 
frictional resistance from the annular slight-sliding 
motion member 80, the damage and deterioration of the 
cylindrical member 50 are reduced. At the same time, 
the lubricant supplied to the gears 12, 15, 20, 21, etc. 
and to the bearings 1 1 , 14, 24, etc. and dust outside the 
machine are not passed into the cylindrical passage 45. 
The cylindrical member 50 can guard the hoses, cables, 
conduits, etc. disposed in the cylindrical passage 45 
against harsh external environment. 

In the assembled wrist 1 of the present embodi- 
ment, the cylindrical member 50 acting as a protective 
member is not limited to the illustrated structure. Any 
desired protective member may be used as long as it 
can hold the cylindrical passage 45 sealed and it can 
deform according to the rotation of the first wrist portion 
3, the second wrist portion 4, and the tool support por- 
tion 5. 

INDUSTRIAL APPLICABILITY 

As described thus far, the present invention is appli- 
cable to the assembled wrist for an industrial robot com- 
prising three independent axes of rotation which cross 
at two points apart from each other, a first housing, a 
second housing, and a tool support member capable to 
rotate about the three axes of rotation respectively by 
mechanical components such as gears, bearing and so 
on, and a cylindrical passage formed inside of the first 
housing, the second housing, and the tool support 
member arranged in series. 

Particularly, the present invention is suitable as the 
assembled wrist for an industrial robot, capable of pro- 
tecting hoses, cables, conduits, etc. disposed in the 
cylindrical passage from a harsh external environment 
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Claims 

1. A assembled wrist for use on an industrial robot 
having an arm, comprising; 

5 

a first axis (6); 

a second axis (30) intersecting said first axis 
(6); 

a third axis (35) intersecting said second axis 

10 (30); 

a first wrist portion (3) of which one end is con- 
nected to the arm (2) of the industrial robot, 
and which is rotated about said first axis (6) by 
a mechanical component so as to form a first 

15 space around said first axis (6); 

a second wrist portion (4) of which one end is 
connected to other end of said first wrist portion 
(3), and which is rotated about said second 
axis (30) by a mechanical component so as to 

20 form a second space around the second axis 

(30); 

a tool support portion (5) of which one end is 
connected to other end of said second wrist 
portion (4), and which is rotated about said 
2s third axis (35) by a mechanical component so 

as to form a third space around said third axis 
(35); 

a passage (45) formed by said first, second 
and third spaces arranged in series; and 

30 a protective member (50) of which both ends 

are fixed and sealed to the arm of the industrial 
robot and said tool support portion (5) respec- 
tively so that said protective member (50) may 
be disposed in said passage (45) and laid 

35 along whole length of said passage (45), and 

which has flexible components deforming 
according to the rotations of the arm and said 
tool support portion. 

40 2. A assembled wrist for use on an industrial robot 
having a final-axis arm (2), comprising; 

first, second, and third driver tubes (7)(8)(9) 
coaxially arranged in this order from outside 
45 and disposed in a final-axis arm (2) of the 

robot; 

a first wrist portion (3) connected to said first 
driver tube (7) and rotated about a first axis (6) 
by a mechanical component so as to form a 

so first space around said first axis ; 

a second wrist portion (4) of which one end is 
connected to said second driver tube (8) with 
gears (12,15) equipped inside of said first wrist 
portion (3) and which is rotated about a second 

55 axis (30) by a mechanical component so as to 

form a second space around said second axis 
(30) which intersects said first axis (6); 
a tool support portion (5) of which one end is 
connected to said third driver tube (9) with 
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gears (12,20) equipped inside of said first and 
second wrist portions (3) (4) and other end is 
connected to a working tool, and which is 
rotated about a third axis (35) by a mechanical 
component so as to form a third space around 5 
said third axis (35) which intersects said sec- 
ond axis (30); 

passage (45) formed by said above first, sec- 
ond and third spaces arranged in series, which 
extends from said third driver tube (9) in the 10 
final-axis arm (2) to one end surface of said tool 
support portion (5) ; and 
a protective member (50) of which both ends 
are fixed and sealed to said third driver tube (9) 
and said tool support portion (5) respectively is 
so that said protective member (50) may be 
disposed in said passage(45), and which has 
flexible components (62) at least near said 
fixed and sealed ends of which said flexible 
component (62) deforms according to the rota- 20 
tions of said third driver tube (9) and said tool 
support portion (5) . 

3. A assembled wrist for use on an industrial robot as 

set forth in claim 1 or 2, wherein said protective 25 
member (50) is made of an elastically deformable 
material such as rubber or resin and has continu- 
ous corrugations (62) at least near said fixed and 
sealed ends (50A,50b). 

30 

4. A assembled wrist for use on an industrial robot as 
set forth in any one of claims 1-3, wherein said first 
wrist portion (3), said second wrist portion (4) and 
said tool support portion (5) forming said passage 
(45) are provided with seal members (70,71,72,73) 35 
in order to close small openings which open from 
said passage (45) towards outside. 

5. A assembled wrist for use on an industrial robot as 

set forth in claim 4, wherein an interior space (75) 40 
created between wait of said passage (45) and 
outer surface of said protective member (50) is filled 
with lubricant. 

6. A assembled wrist for use on an industrial robot as 45 
set forth in any one of claims 1-5, wherein said pro- 
tective member (50) is guided by a sliding member 
(80) disposed inside said passage (45). 
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